Objectives-To investigate the impact of preoperative ultrasonography (US) for detecting a viable testis in patients with a unilateral nonpalpable testis.
A pproximately 20% of undescended testes are nonpalpable on physical examination. The physiologic characteristics of nonpalpable testes are divided into 2 categories: presence or absence of a viable testis. When a viable testis is present in the abdominal cavity, inguinal canal, or below, orchidopexy is recommended at approximately 1 year of age in the American Urological Association and European Association of Urology/European Society for Paediatric Urology guidelines 1,2 because histologic changes in undescended testes are observed as early as 1 year of age.
Diagnostic laparoscopy is the most useful and effective modality for assessing nonpalpable testes. 3, 4 Based on laparoscopic findings, surgical procedures, such as orchidopexy and resection of the testicular nubbin under a laparoscopic or transinguinal/scrotal approach, or no further explorations are indicated. If one of these scenarios can be predicted before surgery by preoperative evaluation, imaging studies are considered a useful tools. However, they are not routinely performed because of their limited accuracy and high costs. 1, 2, [5] [6] [7] Among many available imaging modalities, ultrasonography (US) seems to be the best suited to localizing nonpalpable testes, as it is noninvasive and has excellent spatial resolution for superficial organs such as the testes. It has been reported as a valuable tool for determining the existence or location of nonpalpable testes when they are visualized on US. 8, 9 In addition, contralateral compensatory testicular hypertrophy as measured by several tools, including US, [10] [11] [12] [13] [14] [15] [16] [17] [18] has been demonstrated to correlate with surgical findings in patients with a unilateral nonpalpable testis. On the basis of these facts, we speculated that the combination of preoperative US findings for both affected and contralateral testes would predict the presence or absence of an affected testis in patients with a unilateral nonpalpable testis more precisely because of the advances in US equipment. If a precise diagnosis can be made preoperatively, it can provide useful information for parental counseling and treatment planning. To clarify the impact of preoperative US for the prediction of a viable testis in patients with a unilateral nonpalpable testis, we retrospectively reviewed the outcomes of preoperative US evaluations in patients with a unilateral nonpalpable testis or unilateral palpable undescended testis.
Materials and Methods
After receiving Institutional Review Board approval (reference No. 016-0231), we performed a retrospective chart review of children with a unilateral nonpalpable testis or unilateral palpable undescended testis between January 2009 and November 2016. Among them, patients who underwent preoperative US for evaluation of contralateral hypertrophy and detection of an affected testis at younger than 40 months were enrolled in the study. Patients with bilateral undescended testes and those with hypospadias or other disorders of sex development were excluded. Patients with preoperative human chorionic gonadotropin treatment or incomplete measurement of the contralateral descended testis on preoperative US were also excluded. A retractile testis was not defined as an undescended testis in this study because it was considered a variation of normal development. 19 All preoperative US evaluations were performed without sedation by sonographers. The evaluations were performed with an Aplio XG/500 US system equipped with a 7.2-18-MHz PLT-1204BT linear transducer (Toshiba Medical Systems Corp, Tochigi, Japan), a HI VISION Avius system equipped with a 6-14-MHz EUP-65 linear transducer (Hitachi Medical, Tokyo, Japan), and a LOGIQ E9 system equipped with a 6-15-MHz ML6-15 linear transducer (GE Healthcare, Amersham, England). The testicular volume was calculated by a formula for ellipsoids (p/6 3 length 3 height 3 width). When apparent testicular parenchyma was identified on the affected testis, it was defined as a viable testis. When a small mass without apparent testicular parenchyma was detected at the end of the spermatic cord, it was defined as a nubbin.
Patients were divided into 3 groups based on physical and surgical findings as follows: nonpalpable testis/ no testis, which included patients who had a unilateral nonpalpable testis in whom no viable testis was detected on the affected side at surgery; nonpalpable testis/viable testis, which included patients who had a unilateral nonpalpable testis in whom a viable testis was identified on the affected side at surgery; and palpable undescended testis, which included patients who had a unilateral palpable undescended testis. A viable testis was defined according to macroscopic observations of a sufficient size to be worth performing orchidopexy. No viable testis included a testicular nubbin or an intra-abdominal vanishing testis, which meant that blind-ending testicular vessels with no mass at the end of the vessels was identified intra-abdominally Preoperative US findings of bilateral testes, including the volume or length of the contralateral testis or detection of the testis on the affected side, were compared among groups. For the statistical analysis, the Fisher exact probability test and Tukey multiple comparison test were used for comparisons among each group, and P < .05 was defined as significant. A receiver operating characteristic curve was used to determine cutoff values.
Results

Patient Characteristics
One hundred patients were included in the study ( Table 1 ). The affected sides were left in 60 and right in 40. The numbers of patients were 27 in the nonpalpable testis/no testis group, 10 in the nonpalpable testis/viable testis group, and 63 in the palpable undescended testis group. The mean age at the preoperative US evaluation was not different among the groups. Surgical findings in the nonpalpable testis/no testis group were intraabdominal vanishing testes in 4 and testicular nubbins in 23. The surgical procedures in the nonpalpable testis/ viable testis group were laparoscopic 1-stage orchidopexy in 5, open orchidopexy in 4, and a 2-stage FowlerStephens procedure in 1.
Length and Volume of the Unaffected Testis
The mean testicular length and testicular volume on the unaffected side at the preoperative US evaluation were significantly greater in the nonpalpable testis/no testis group compared to the nonpalpable testis/viable testis and palpable undescended testis groups. There was no difference in the testicular length or testicular volume on the unaffected side at the preoperative US evaluation between the nonpalpable testis/viable testis and palpable undescended testis groups (Table 2 ). When the cutoff values for the testicular length and volume on the contralateral side for the presence of a viable testis on the affected side were set according to sensitivity and specificity, the optimum cutoff values were 15.1 mm for testicular length and 0.54 mL for testicular volume. The area under the receiver operating characteristic curve for testicular volume (91.2%) was greater than that for testicular length (89.1%; Figure 1 ). The sensitivity, specificity, positive predictive value, and negative predictive value for the presence of an affected testis according to testicular volume (cutoff value, 0.54 mL) were 75.3%, 100%, 100%, and 60.0%, respectively.
Ultrasonographic Findings on the Affected Side Nonpalpable Testis/No Testis Group
Among 23 patients in whom testicular nubbins were resected at surgery, testicular nubbins were detected in 19, whereas no specific findings were observed in the remaining 4. Testicular nubbins were detected on preoperative US evaluations in 4 patients with a diagnosis of an intra-abdominal vanishing testis at surgery. A viable testis was not detected in any patient.
Nonpalpable Testis/Viable Testis Group
Testes were detected in 7 of 10 patients in this group (intra-abdominal in 3 and inguinal in 4). Testicular nubbins were observed in 2 and no specific findings in 1. At surgery, the affected testes was located in the inguinal canal in 2 of 4, whose viable testes were detected in the inguinal canal, and in the abdominal cavity in 8, including 3 patients whose testes were not identified on preoperative US evaluations. Staged orchidopexy was performed in 1 patient, whose testis was detected in the abdominal cavity on preoperative US. The remaining 9 patients were managed by 1-stage surgery.
Palpable Undescended Testis Group
The testes were detected in all patients in this group.
Combination of US Findings on Both Sides
When a visible testis on the affected side and lack of compensatory hypertrophy (0.54 mL) on preoperative US were defined as positive for the presence of a viable testis, all patients in the nonpalpable testis/viable testis and palpable undescended testis groups had positive findings versus none in the nonpalpable testis/no testis group.
Discussion
In this study, when the cutoff value for the contralateral testicular volume was defined as 0.54 mL for the presence of an affected testis in patients with a nonpalpable testis, the sensitivity, specificity, positive predictive value, and negative predictive value were 75.3%, 100%, 100%, and 60.0%, respectively. A viable testis was detected on preoperative US in 7 of 10 patients in the nonpalpable testis/viable testis group. When a visible testis on the affected side and lack of compensatory hypertrophy on preoperative US were defined as positive for the presence of a viable testis, all patients with a viable testis on the affected side (nonpalpable testis/viable testis and palpable undescended testis groups) had positive findings.
Contralateral compensatory hypertrophy has been reported as a predictor of a nonviable testis on the affected side in patients with a unilateral nonpalpable testis. Interestingly, the testicular volume on the unaffected side in patients with a unilateral nonpalpable testis in whom a viable testis on the affected side was identified at surgery (nonpalpable testis/viable testis group) was not different from that in patients with a unilateral palpable undescended testis in this study. Accordingly, contralateral compensatory hypertrophy appears to be a valid finding for predicting the absence of a viable testis on Figure 1 . Evaluation of the cutoff values for the length and volume of the contralateral descended testis using a receiver operating characteristic curve. When the testicular length was 15.1 mm or the volume was 0.54 mL, the combination of sensitivity and specificity was at its maximum.
the affected side in patients with a unilateral nonpalpable testis. The cutoff values for testicular diameter as estimated by using a ruler or caliper ranged from 18 to 21 mm. 10, 12, [16] [17] [18] When an orchidometer was used for evaluation of testicular volume, the cutoff value for contralateral compensatory hypertrophy was usually 2.0 mL. 10, 12, 15 Our cutoff values for testicular length and volume were 15.1 mm and 0.54 mL, respectively, which were relatively smaller than in previous studies that did not use US. Son et al 14 reported that their cutoff values for testicular length and volume on US were 16.1 mm and 0.59 mL, similar to our results. Sakamoto et al 20 demonstrated that a testicular volume estimated by US was more accurate than a value estimated by an orchidometer. Ultrasonography can also exclude the inappropriate inclusion of the epididymis, scrotal skin, and adjacent soft tissue during the measurement. 21, 22 Thus, estimation using US may be more accurate than that using an orchidometer. 15 Based on these facts, our cutoff values for US may achieve greater precision compared to other methods without US.
Regarding preoperative US findings on the affected side, all cases with visible testes on the affected side on preoperative US had viable testes at surgery. Although all testes located in the inguinal canal at surgery were detected on preoperative US, only 5 of 8 abdominal testes at surgery (62.5%) could be detected on preoperative US in this study. In previous reports, although more than 90% of inguinally located testes could be detected on preoperative US, the sensitivity of US was reported to be 48% to 67% when the testes were located intraabdominally, 8, 9 which was similar to our result. As a high positive predictive value was reported previously, 8, 9 another advantage of preoperative US is that the presence of a viable testis can be confirmed when the testis on the affected side is visualized. When combining the preoperative US findings of both the affected and unaffected sides, all patients with viable testes could be distinguished from those without viable testes by detecting the viable testis on the affected side and the lack of compensatory hypertrophy. As far as we know, this article is the first report discussing the impact of preoperative US evaluation based on US findings of both affected and contralateral sides.
One of the reasons why preoperative US was not recommended for nonpalpable testes in several reports and guidelines is inaccuracy in the localization of a viable testis or testicular nubbin or an abdominal vanishing testis. 1, 2, [5] [6] [7] We agree that preoperative US cannot show the precise location of the testis or physiologic characteristics. However, as shown in this study, the presence or absence of a viable testis on the affected side could be diagnosed with high accuracy from the preoperative US findings of both affected and contralateral sides. Another reason for not recommending this method is that a preoperative US evaluation would not alter the surgical approach. 5, 6, 23 Several reports demonstrated that laparoscopic orchidopexy appeared to be equal or fairly superior to open orchidopexy for peeping or intra-abdominal testes in terms of the success rate, morbidity, and length of the hospital stay, although most of the results were statistically insignificant. [24] [25] [26] [27] Thus, an initial laparoscopic approach may be feasible if the presence of a viable testes is suspected. On the contrary, scrotal or inguinal exploration has been reported as an effective procedure, especially for extra-abdominal testes and testicular nubbins. 17, 28 As a testicular nubbin is the most common physiologic type of nonpalpable testis and because resection of the testicular nubbin is recommended to avoid a potential future malignant transformation risk, 29 initial scrotal or inguinal exploration rather than diagnostic laparoscopy may be a reasonable approach. In addition, Hodhod et al 15 reported that prediction of the physiologic type of unilateral nonpalpable testis could help allocate surgical time. As demonstrated in this study, preoperative US has the potential to stratify the physiologic characteristics of nonpalpable testes, which can help in individualizing the surgical approach and allocating surgical time.
There were some limitations in this study. First, it was a retrospective study, although the sonographers did not know the surgical findings at the time of the preoperative US evaluations. In addition, 3 patients with unilateral palpable undescended testes did not undergo preoperative US evaluations, and 2 others with unilateral palpable undescended testes were excluded because of incomplete US evaluations during the study period. Although the number of excluded patients was limited, it might have introduced a bias. Second, the number of patients was relatively small, especially in the nonpalpable testis/viable testis group.
In conclusion, our data demonstrate that preoperative US evaluations can provide useful information flor predicting the presence of a viable testis on the affected side in patients with a unilateral nonpalpable testis by estimating the volume of both the contralateral testis (cutoff value, 0.54 mL) and the affected side. These results may help in proper allocation of surgical time and planning of the surgical approach.
